REMARKS 

This Preliminary Amendment cancels the original claims, without prejudice, in the 
underlying PCT Application No. PCT/DE03/04068. The Preliminary Amendment also adds new 
claims 7-12. The new claims conform the claims to U.S. Patent and Trademark Office rules and 
do not add new matter to the application. 

In accordance with 37 C.F.R. § 1.125(b), the Substitute Specification (including 
the Abstract) contains no new matter. The amendments reflected in the Substitute Specification 
(including Abstract) are to conform the Specification and Abstract to United States Patent and 
Trademark Office rules or to correct informalities. As required by 37 C.F.R. §§ 1 .121(b)(3)(ii) 
and 1.125(c), a Marked-Up Version of the Substitute Specification comparing the Specification 
of record and the Substitute Specification also accompanies this Preliminary Amendment. 
Approval and entry of the Substitute Specification (including Abstract) are respectfully 
requested. 

The underlying PCT Application No. PCT/DE03/04068 includes an International 
Search Report, dated August 10, 2004, a copy of which is submitted herewith. 

Applicants assert that the subject matter of the present application is new, non- 
obvious, and useful. Prompt consideration and allowance of the application are respectfully 
requested. 
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METHOD AND CONTROL CIRCUIT FOR TRIGGERING AN ELECTRIC MOTOR WITH 
THE AID OF A PULSE WIDTH MODULATION SIGNAL 

Field Of The Invention 

The invention concerns a method for triggering an electric motor with a pulse width modulation 
signal. The invention further concerns a control circuit for triggering an electric motor, the 
electric motor being triggered with the aid of a pulse width modulation signal. 

5 

Background In formation 

For stepless control of electric motors, the latter are often operated with a pulse width 
modulated voltage. The pulse width modulated voltage is applied to the electric motor with the 
aid of a switching device to which a pulse width modulation signal is applied. The pulse width 
10 modulation signal has a pulse duty factor with which the voltage at the electric motor, and 
therefore the rotation speed of the motor, can be controlled. 



The pulse width modulated voltage for triggering the electric motor has the disadvantage that 
interference is caused thereby on the supply voltage lines to which the electric motor is 
15 connected. A low-pass filter is therefore usually connected to the supply voltage lines in order 
to smooth the voltage. 

The low-pass filter has a capacitor and/or a choke coil, whose power dissipation values depend 
on the pulse duty factor of the triggering frequency. The power dissipation in the components of 
20 the low-pass filter usually rises with an increase in frequency. On the other hand, an increase in 
the triggering frequency of the pulse width modulation signal also results in improved filtering 
of the line-conducted interference caused in the supply voltage lines. This line-conducted 
interference is measured in the high-frequency region, and must not exceed specific maximum 
limits. 

25 

Summary Of The Invention 

It is the object of the present invention to make available a method and a control circuit for 
triggering an electric motor with which the line-conducted interference can be kept low and 
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below a specific maximum limit, and in which at the same time the power dissipation at the 
components that are connected to the supply voltage lines does not exceed a maximum value. 

This obj e ct is achieved by th e m e thod for trigg e ring an e l e ctric motor as d e fin e d in Claim 1, and 
5 by th e control circuit as d e fin e d in Claim 4 . 

Furth e r advantageous e mbodim e nts of th e inv e ntion ar e describ e d in th e d e pendent claims. 
According to a first aspect of the present invention, a method for triggering an electric motor 
with a pulse-width modulation signal is provided. The pulse width modulation signal has a 

1 0 triggering frequency and a pulse duty factor. The electric motor is controlled as a function of the 
pulse duty factor, and supplied with power via a supply voltage line. At least one electrical 
component is provided for low-pass filtering of the voltage fluctuations caused on the supply 
voltage line by the pulse width modulation signal. According to the present invention, the 
triggering frequency of the pulse width modulation signal is modified as a function of the pulse 

1 5 duty factor. 

Provision can thereby be made for triggering of the electric motor to be accomplished in such a 
way that for each possible pulse duty factor, the triggering frequency is selected in order to 
obtain a desired power dissipation and a desired amount of line-conducted interference. 
20 The triggering frequency is preferably adapted as a function of the pulse duty factor in such a 
way that the maximum permissible power dissipation in the electrical component is not 
exceeded. At the same time, provision is preferably made for the selected triggering frequency 
to be as high as possible, in order to achieve better filtering of the line-conducted 
high-frequency interference on the supply voltage line. 

25 

The advantage of the method according to the present invention is that the triggering frequency 
is selected in each case so that the voltage dissipation at each of the electrical components for 
low-pass filtering is not exceeded. Because the power dissipation increases with increasing 
frequency, in order to limit the power dissipation a maximum frequency must not be exceeded. 

30 At the same time, it is desirable to minimize the amount of line-conducted high-frequency 

interference on the supply voltage lines by selecting the highest possible triggering frequency in 
order to achieve a better filtering effect in the low-pass filter. Because the power dissipation at 
the electrical components changes as a function of the pulse duty factor, provision is made for 
the triggering frequency of the pulse width modulation signal also to be selected as a function 

35 of the pulse duty factor. The particular triggering frequency is adapted, in this context, to the 
power dissipation respectively allowed for the electrical component, preferably to its maximum 
permissible power dissipation. Provision can thus be made at specific pulse duty factors for 
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high triggering frequencies that, at different pulse duty factors, would cause the permissible 
power dissipation in the electrical component to be exceeded. 

According to a further aspect of the present invention, a control circuit for triggering an electric 
5 motor with the aid of a pulse width modulation signal is provided. The pulse width modulation 
signal has a triggering frequency and a pulse duty factor, the electric motor being operable with 
a supply voltage controllable via a switching device. A control module generates the pulse 
width modulation signal in order to switch the switching device in accordance with the pulse 
duty factor. A low-pass filter circuit is provided which filters the supply voltage in order to 
10 reduce voltage fluctuations caused on a supply voltage line by the pulse width modulation 
signal. The control module generates the triggering frequency of the pulse width modulation 
signal as a function of the pulse duty factor. 

The advantageous result of this is that for a particular pulse duty factor, the triggering frequency 
1 5 selected can be sufficiently high that line-conducted interference on the supply voltage line for 
the electric motor can be reduced. 

The result of the low-pass filter circuit is that the supply voltage is smoothed, it being 
substantially the case that the higher the frequency of the voltage fluctuations in the supply 
20 voltage line, the more the voltage fluctuations are smoothed. 

Provision can be made for the control module to trigger the switching device with a triggering 
frequency of the pulse width modulation signal such that a power dissipation of a component in 
the filter circuit and/or switching device does not exceed a maximum permissible value. The 
25 upper limit of the triggering frequency is thus defined in each case by the maximum acceptable 
power dissipation for each of the components in the filter circuit or switching device, and as a 
function of the pulse duty factor. 

A preferred embodim e nt of th e inv e ntion is explain e d in more detail below with reference to 
30 th e appended drawings, in which: 
Brief Description Of The Drawings 

Figure 14s shows a diagram of a control circuit according to the present inventionf-aad. 

Figure 24s shows a diagram indicating the correlation between the fluctuations on the supply 
35 voltage line and the period length at the same pulse duty factor. 

Detailed Description 
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FIGFig. 1 depicts a triggering system of an electric motor 1 . Electric motor 1 is controlled with 
the aid of a pulse width modulation signal S that is applied to a switching device 2. For that 
purpose, electric motor 1 and switching device 2 are connected in series between a high supply 
voltage potential V H and a ground potential GND. The pulse width modulation signal makes 
5 possible stepless triggering of electric motor 1 . 

In order to avoid voltage spikes at switching device 2, due to the inductance of electric motor 1, 
when switching device 2 is switched off, a freewheeling diode 3 is provided parallel to electric 
motor 1 and diverts a freewheeling voltage that is greater than the high supply voltage VH. 

10 

Pulse width modulation signal S has a triggering frequency f and a pulse duty factor Tv. 
Triggering frequency f defines a period length T after which pulse width modulation signal S 
cyclically repeats. Pulse duty factor Tv defines the ratio between the on-time during the period 
length of pulse width modulation signal S and the entire period length. In other words, the 
1 5 greater pulse duty factor Tv, the greater the proportion of time during which switching device 2 
is closed, and the longer the supply voltage is applied to electric motor 1 during a period T. The 
on-time during a period can be varied arbitrarily by selecting pulse duty factor Tv, so that 
electric motor 1 can thereby be steplessly triggered. 

20 Pulse width modulation signal S is made available to switching device 2 by a control module 4 
that generates pulse width modulation signal S as a function of a predetermined control input 
that is received from a control signal line ST. The control input can be received from a control 
device (not shown) or a data network (e.g. a CAN network). 

25 Control module 4 usually has a microcontroller that ascertains triggering frequency f and pulse 
duty factor Tv from the control input, and generates pulse width modulation signal S. 

The switching on and off of switching device 2, which in the embodiment shown is embodied 
as a field-effect power transistor 2, causes steep voltage edges at electric motor 1. These result 
30 in voltage fluctuations, at the triggering frequency and its harmonic frequencies, on supply 
voltage lines 5. In order to relieve the supply voltage system of these voltage fluctuations, a 
low-pass filter circuit S is provided that has an electrolytic capacitor 6 and a choke coil 7. 
Low-pass filter circuit S smoothes the voltage fluctuations present on supply voltage lines 5. 
The higher the frequency of the voltage fluctuations on supply voltage lines 5, the better 
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low-pass filter circuit S filters the voltage fluctuations. The voltage fluctuations substantially 
have frequencies that are defined by the fundamental frequency of the triggering frequency of 
the pulse width modulation signal S and by its multiples, i.e. its harmonics. 

5 If the triggering frequency is increased, the low-pass filter circuit then works more effectively 
and filters a larger high-frequency portion of the voltage fluctuations out of supply voltage lines 
5. At the same time, however, the power dissipation in electrolytic capacitor 6 and choke coil 7 
rises as the frequency increases. Because the power dissipation is limited at the top end by the 
smallest value of the maximum power dissipations for each of the components on supply 
10 voltage lines 5, triggering frequency f cannot be increased arbitrarily. 

The power dissipation of each of the components, (electrolytic capacitor 6 and choke coil 7) is 
additionally dependent on pulse duty factor Tv of pulse width modulation signal S. 
The power dissipation of electrolytic capacitor 6 will be determined below. 
15 Let it be assumed initially that the currents I SU ppiy> Ichoke, and I m are constant. Then 

Isupply = Im * Ty 5 

where T v indicates the pulse duty factor and can assume a value in the range from 0 to 1 . 
The off-time of the switching device is then defined as 

20 leap = Ichoke> 

where Ic ap represents the current through electrolytic capacitor 6. 

The voltage swings at electrolytic capacitor 6 are defined in accordance with the following 
equations: 

25 dU„ p+ =±*]l cap dt = ±I cap (l-Tv)*T (1) 
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where T (= y ) corresponds to the period length of pulse width modulation signal S. 
The on-time of switching device 2 is defined as 

leap = Ichoke " Im (2) 



and 



dU cap _ = 1 * 5 I cap dt = U cap (Tv - 1) * T (3) 
Co C 



dU cap + and dU cap - are proportional to the period length of pulse width modulation signal S, i.e. 
the voltage swing at electrolytic capacitor 6 can be diminished by an increase in triggering 
10 frequency f. Considering dU cap +, where 

leap = Ichoke = T v * Imod? (4) 

the result is 

dU^ + =^*ll cap dt = ^J mp (l-Tv)*T = ^*Tv*(l-Tv)*T*I m . (5) 

15 

For a motor current 

L = k\ * U m 2 = k\ * (T v * U batt ) 2 = k2 * T v 2 (6) 

where kl and k2 are constant, what is obtained is 
20 dU cap+ =±;*Tv 3 *(l-Tv)*k2*T, (7) 

which yields 

P v «Tv 2 *^«7v 2 / (8) 



25 for the electrical power dissipation P v . 

It is apparent that power dissipation P v is substantially proportional to the square of pulse duty 
factor Tv, and proportional to triggering frequency f. The amount of line-conducted 
interference, however, is not only dependent on the triggering frequency but also substantially 
30 dependent on the pulse duty factor, in which context the amount of harmonics can vary 
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considerably depending on the pulse duty factor selected. The amount of harmonics is 
relatively low at a pulse duty factor of 0.5, for example, and increases considerably as the pulse 
duty factor decreases or increases. Because the low-pass filter circuit cannot completely filter 
out the harmonics, a portion remains behind that is present as high-frequency line-conducted 
5 interference in the supply voltage system. 

Using equations (7) and (8) it is possible to implement, depending on pulse duty factor Tv, 
triggering frequencies that have elevated electrical power dissipations as compared with a 
constant triggering frequency f, but nevertheless have advantageous characteristics in terms of 
10 line-conducted interference. 

Control module 4 is configured in such a way that triggering frequency f of pulse width 
modulation signal S is modified depending on the selected pulse duty factor Tv, which is 
defined substantially by control input ST. According to the present invention, therefore, at a 

15 very low pulse duty factor Tv, the square of which influences power dissipation P v , triggering 
frequency f is considerably elevated in order to improve the filtering effect of low-pass filter S. 
The elevation in triggering frequency f is governed by the maximum permissible power 
dissipation of the components present in the low-pass filter, that dissipation being defined 
substantially by the component having the lowest maximum power dissipation value. In other 

20 words, triggering frequency f that is selected causes the power dissipation of the circuit as a 
whole to approach its permissible maximum. 

At a greater pulse duty factor Tv, power dissipation Pv is also considerably higher, so that 
triggering frequency f must be reduced. 

25 

Essentially, the respective triggering frequency f corresponding to power dissipations P v of the 
components used in the motor circuit must be selected so that at the given pulse duty factor Tv, 
the maximum component-dependent power dissipation value is not exceeded for any 
component. Particular consideration must be given in this context to the components of the 
30 low-pass filter circuit, and to field-effect power transistor 2 and freewheeling diode 3. 

The triggering frequencies should preferably be selected so that at a triggering frequency of 20 
kHz, the maximum possible power dissipation of the circuit as a whole is not exceeded at any 
pulse duty factor. 
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FiGFig, 2 depicts the voltage profiles on supply voltage line 5 for various triggering 
frequencies fl, f2, f3. There is an evident decrease in the amplitude of the voltage fluctuations 
on supply voltage lines 5 with increasing frequency. The line-conducted interference can thus 
be reduced by increasing triggering frequency f of pulse width modulation signal S. 
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Abstract Of The Disclosure 
A method for triggering an electric motor with a pulse width modulation signal-(S), the pulse 
width modulation signal having a triggering frequency and a pulse duty factor, the electric 
motor being controlled as a function of the pulse duty factor via a supply voltage line, at least 
5 one electrical component being provided for low-pass filtering of the voltage fluctuations 

caused on the supply voltage line by the pulse width modulation signal, wherein the triggering 
frequency of the pulse width modulation signal is modified as a function of the pulse duty 
factor. 
(FIG. 1) 

10 
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